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How do we design a good database schema?

How do we design a normalized database schema?

How do we design a database schema?



SCHEMA DESIGN

Can we simplify this schema?



SCHEMA DESIGN

The new inst_dept table…good idea or bad idea?



FUNCTIONAL DEPENDENCIES

A relationship where one attribute uniquely determines another 
attribute. 

x → y
x “uniquely determines” y



FUNCTIONAL DEPENDENCIES

department → budget

Functional Dependencies show us where we need to “decompose” 
a relation into smaller relations to avoid redundancy.



FUNCTIONAL DEPENDENCIES

Not all decompositions are good.

A “lossy” 

decomposition



LOSSLESS DECOMPOSITION

If R = (a, b, c)

R1 = (a, b) and R2 =(b, c) are lossless decompositions of R if:

R1 and R2 are lossless decompositions of R if:

R1 ⨝ R2 = R 



ATOMIC ATTRIBUTES

The domain of an attribute is the set of all possible 
values it can take.

int x ; 
(x’s domain is { -2,147,483,648…, 0, …2,147,483,647 }

department d ; 
(d’s domain is { math, computer science, biology, … }



ATOMIC ATTRIBUTES

A domain is considered atomic if it is made of indivisible 
units.

Which of these are atomic?

name = { “bob jones”, “steve smith”, “suzy walters”, … }

id = { 12, 55, 233, … }

course_number = { cs101, cs105, bio220, bio320, … }



FIRST NORMAL FORM (1NF)

A relation is considered to be in first normal form (1NF) 
if:

‣ The domain of each attribute is atomic. 

‣ The value of each attribute contains only a 
single value from that domain. 

‣ Each tuple contains a unique key.



FIRST NORMAL FORM (1NF)

Is this relation in first normal form?



FIRST NORMAL FORM (1NF)

Is this relation in first normal form?



FIRST NORMAL FORM (1NF)

Is this relation in first normal form?



FIRST NORMAL FORM (1NF)

Is this relation in first normal form?



SECOND NORMAL FORM (2NF)

A relation is considered to be in second normal form 
(2NF) if:

‣ The relation is in first normal form. 

‣ No attribute depends on only part of the 
primary key.



SECOND NORMAL FORM (2NF)

Is this relation in second normal form?



SECOND NORMAL FORM (2NF)

Is this relation in second normal form?



THIRD NORMAL FORM (3NF)

A relation is considered to be in third normal form (3NF) if:

‣ The relation is in second normal form. 

‣ No attribute describes anything except facts 
about the primary key.

“[Every] non-key [attribute] must provide a fact about the key, 
the whole key, and nothing but the key.”

— A Simple Guide to Five Normal Forms in Relational Database Theory 



THIRD NORMAL FORM (3NF)

Is this relation in third normal form?



THIRD NORMAL FORM (3NF)

Is this relation in third normal form?



DENORMALIZING

Sometimes it is necessary to denormalize from 3NF for 
performance reasons.



DENORMALIZING

What query would give you the YTD sales for customer 123?

SELECT SUM(p.price) as YTDSales  
FROM Customers c, Invoices i, InvoiceDetails id, Products p 
WHERE c.CustomerId = i.CustomerId 
AND i.InvoiceId = id.InvoiceId 
AND id.ProductId = p.ProduceId 
AND c.CustomerId = 123 
AND i.InvoiceDate BETWEEN DATE_TRUNC(‘year', NOW()) and NOW();



DENORMALIZING

What query would give you the YTD sales for customer 123?

SELECT YTDSales 
FROM Customers 
WHERE CustomerId = 123;

What’s required to maintain data integrity in this situation?



DENORMALIZING

Sometimes it is necessary to denormalize from 3NF for 
performance reasons.

When to denormalize?
https://stackoverflow.com/questions/4301089/when-to-denormalize-a-database-design

https://stackoverflow.com/questions/4301089/when-to-denormalize-a-database-design

